We report a deletion of lp36.3 in a child with microcephaly, mental retardation, broad forehead, deep set eyes, depressed nasal bridge, flat midface, relative prognathism, and abnormal ears. The phenotype is consistent with that described for partial monosomy We now report the results of analysing our sample with one more HVP from the terminal region of chromosome lp. We have detected a chromosomal deletion of lp that was not apparent on routine cytogenetic testing in a child with developmental delay and congenital anomalies. Further analysis with lp probes, reverse painting, and FISH with telomere specific cosmids suggests that the child has a pure monosomy of the terminal 5-7 megabases (Mb) of lp.
It is often suspected that many cases of idiopathic mental retardation are the result of cytogenetically invisible chromosomal rearrangements. These small chromosomal anomalies can be detected using hypervariable polymorphic probes (HVPs) to determine whether affected children receive two copies of each locus examined in a normal mendelian pattern. However, the very large number of analyses involved in screening the whole genome at a high resolution has prompted attempts to identify chromosomal regions that might be more likely to incur pathogenic rearrangements.
We have recently shown that the frequency of rearrangements at the ends of chromosomes (telomeres) is high in cases of idiopathic mental retardation. In our initial survey of 99 children and their parents, we identified three children (3%) with cryptic chromosomal anomalies involving telomeric regions.' The frequency of subtelomeric abnormalities is likely to be higher than 3% because the test used was deficient in two ways. First, only 28 chromosome ends out of a possible 41 (excluding acrocentric p arms) were examined. Second, in some cases parents shared the same sized alleles, so that HVP analysis could not distinguish a homozygote child from a hemizygote. By taking these deficiencies into account we estimated that the frequency of rearrangements in our sample was likely to be at least 6%.' 2 We now report the results of analysing our sample with one more HVP from the terminal region of chromosome lp. We have detected a chromosomal deletion of lp that was not apparent on routine cytogenetic testing in a child with developmental delay and congenital anomalies. Further analysis with lp probes, reverse painting, and FISH with telomere specific cosmids suggests that the child has a pure monosomy of the terminal 5-7 megabases (Mb) of lp.
Materials and methods

DNA ANALYSIS
Venous blood samples were taken from the patient and both parents. Epstein-Barr virus transformed lymphoblast cultures were established (available on request to JF). DNA was extracted from cell lines and peripheral blood by standard procedures.3 Samples from both parents and the affected offspring were digested with an appropriate restriction endonuclease, electrophoresed through 0.8% agarose gels, transferred to 100 gmol/l of each dNTP. Thirty amplification cycles were used with an annealing temperature of 55°C. Products were separated on 6% polyacrylamide/urea gels, blotted onto Hybond-N+ (Amersham), and hybridised to (AC),, end labelled with a-32P dCTP using terminal transferase (Boehringer Mannheim REVERSE CHROMOSOME PAINTING Metaphase chromosomes were sorted on a Becton Dickinson FACStar Plus as previously described.8 Five hundred chromosomes were amplified with degenerate primers (DOP-PCR) and 5 ,ul ofthe product amplified again in the presence of biotin-1 6-dUTP.7 8 A total of 100 ng of labelled chromosomes with 6.25 ,ug of competitor DNA was hybridised to normal male metaphase chromosomes, following the protocol described above for FISH.
Results
CLINICAL REPORT
The patient is the 16 year old son of healthy, non-consanguineous parents with no family history of physical or mental disorder. He was born at term after an uneventful pregnancy, weighing 2490 g (10th centile) and with OFC 33 cm (25th centile). In the neonatal period he was noted to have an unusual facial appearance with a large anterior fontanelle and widely separated sagittal sutures. At 3 months he was admitted to hospital with right sided focal fits. Moderate bilateral optic atrophy was observed when he was examined under anaesthesia. From that time he has continued to have seizures. In addition he has had a progressive neuromuscular scoliosis (no underlying vertebral abnormality has been detected) which required surgical intervention. After spinal fusion with insertion of rods his spine has been relatively stable.
Examination of the patient at the age of 15 years 9 months showed severe retardation. His head circumference was 49.5 cm (<<3rd centile). He had plagiocephaly with a broad flat forehead and hypotelorism, bilateral rotatory nystagmus, a right ear with no lobe that was 5 mm shorter than the left ear, and a small nose with deviation of the nasal septum (fig 1) . In addition he had a small mouth, overcrowded dentition, a flat ridged palate, and midface hypoplasia. He had mild syndactyly of the second and third fingers and short thumbs. His feet were thin with short digits and both halluces showed distal valgus deviation. He had a severe scoliosis, small genitalia, and no evidence of puberty.
MOLECULAR CYTOGENETIC ANALYSIS
The sample of 99 children' was screened by Southern blot analysis using the probe CEB 108. The patient described here had inherited only a single allele at this locus, indicating either a deletion of the maternally derived chromosome, the inheritance of two copies of the paternal chromosome (isodisomy), or a new mutation of the maternal allele to the same size as the paternal allele, making him a homozygote. FISH using CEB 108 showed that there was a deletion of lp (fig 2) .
We In order to examine the extent of the deletion we used HVP, FISH, and microsatellite analyses (fig 3, table 1 ). The order along the chromosome of the probes used, their genetic distance from each other and from the telomere, and their presence or absence on the abnormal chromosome is given in table 1. 
